The dugong Dugong dugon is the only strictly marine herbivorous mammal. Dugongs are found as far north as Japan, but they have only been recorded off the coast of Okinawa Island (26ºN, 128ºE) since 1970 (Marsh et al. 2002) .
On 9 September 2002, an adult dugong was found dead on the Ushibuka coast (32ºN, 130ºE), of Kyushu Island (approximately 750 km north of Okinawa Island). It is of primary importance to establish whether this dugong had inhabited the waters off Kyushu Island or whether it had moved recently from a more southerly region such as Okinawa, because Okinawa is regarded as the northern limit of the dugong's habitat.
Dugongs feed almost exclusively on various seagrasses (Aketa and Kawamura 2001) . Around Okinawa Island, feeding trails of dugongs have only been found in seagrass beds (Marsh et al. 2002) . At Ushibuka coast, however, macrophyte beds primarily contain macroalgae (Environment Agency 1989) , not seagrasses.
Naturally occurring stable isotopes of carbon and nitrogen have been used to study the foraging ecology of several marine mammals (Bowen and Siniff 1999) . The nitrogen isotope ratio, 15 N :
N) of an individual animal is typically about 3‰ to 4‰ greater than that of its diet, while the carbon isotope ratio, 13 C : 12 C (denoted d 13 C) of animals reflects the ratio of the diet within about 1‰ (Michener and Schell 1994) . Comparison of the isotope signatures between the dead dugong and the possible food plants along the Ushibuka coast may indicate whether the dugong had fed along that coast.
Although the current belief is that seagrasses in general use C3 photosynthesis, Hemminga and Mateo (1996) found comparatively limited depletion of the 13 C isotope in seagrasses compared to other aquatic primary producers. For example, Yamamuro (1999) found heavier d
13 C values for seagrasses (-8.5 to -3.0‰) than micro-and macroalgae (-14.1 to -12.9‰) within the same seagrass beds. Thus, d
13
C can be used to identify if the possible food sources of primary producers are seagrasses or other species. d
15 N of seagrass leaves may also indicate the inorganic nitrogen concentration where it grows (Yamamuro et al. 2003) .
We analyzed the d 13 C, d 15 N, and carbon and nitrogen concentrations of the tissues of the dead dugong, its gut contents, and the macrophytes along the Ushibuka coast and those of seagrasses at Kayoh on the coast of Okinawa Island, to establish if the dugong had inhabited the waters off Kyushu Island or if it had moved recently from more southerly habitat around Okinawa. The phosphorus concentration of the stomach contents of the dead dugong, and the macrophytes from the Ushibuka coast, was also analyzed.
Materials and methods
About 10 g wet weight of tissue samples were collected from the large intestine, small intestine, and tail muscle of the dead dugong. All of the stomach contents were mixed in a dish, and duplicate samples, each of about 5 g wet weight were taken. The contents of other parts of the alimentary canal (duodenum, small intestine, cecum, and large intestine) were also mixed and about 30 g wet weight of each was sampled. The small intestine (11.6 m) and large intestine (17 m) were divided every 2 m and 1 m, respectively, and the contents were mixed and sampled. Because some parts of the intestine were mostly vacant, we analyzed the contents from three parts of the small intestine, and 16 parts of the large intestine. Tissues and gut contents were kept frozen, and homoge-*To whom correspondence should be addressed. E-mail: m-yamamuro@aist.go.jp nized with a blender after they had been freeze-dried.
We collected both seagrasses and macroalgae from the Ushibuka coast as possible foods of the dead dugong. Seagrasses (Zostera japonica and Halophila ovalis) and macroalgae (Gelidium elegans, Meristotheca papulosa, Sargassum crassifolium, Eckloniopsis radicosa, Eucheuma amakusaensis, Homoeostrichus flabellatus, Laurencia undulate) were sampled in July 2003.
Z. japonica was divided into four groups: cleaned with brushes or not, and vital or senescent. H. ovalis was divided into three groups: above ground cleaned, below ground cleaned, and not cleaned at all. Seven species of macroalgae were all cleaned with brushes. They were frozen afterwards, and then freeze-dried.
The above ground part of seagrasses (Thalassia hemprichii, Cymodocea spp., Syringodium isoetifolium, Halophila ovalis, Halodule spp.) from the Kayoh coast, Okinawa Island, was sampled along a dugong feeding trench in October 2003. The samples were immediately oven dried for 48 hours at 60°C.
Dried macrophytes were homogenized with an agate mortar and pestle (for leaves of seagrasses and all macroalgal parts) or a blender (for roots and rhizomes of seagrasses).
To determine the carbon and nitrogen concentrations and d 13 C and d 15 N simultaneously, samples were combusted at 1020°C in an elemental analyzer (model EA1108, Fisons Instruments). The combustion products (CO 2 and N 2 ) were introduced into an isotope-ratio mass spectrometer (Delta Plus, Finigan) in a continuous flow using a He carrier. Ratios of 13 C : The phosphorus concentration was determined colorimetrically with an autoanalyzer (AACSII, BRAN + LUEBBE) using the molybdate blue method after digestion using an auto clave (121°C for 3 h) in potassium persulfate (6.7 g l -1 ) (Ohtsuki 1982) . Each sample was measured twice, resulting in SD <0.08 mg g -1 .
Results and discussion
The stomach contents of the dugong consisted mostly of macrophytes, and all the distinguishable macrophyte tissues were brown algae (Ecklonia and Sargassum), though dugongs normally feed almost exclusively on seagrasses.
d 13 C (-6‰) and d 15 N (6-7‰) of various tissues of the dugong showed similar values, which were about 7‰ and 2‰ heavier than the d 13 C and d 15 N of the stomach contents, respectively (Table 1 ). Macroalgae and seagrasses from Ushibuka showed similar d 15 N (3-4‰) and C : N (13-38) ratios, but d 13 C and N : P ratios were different (Table 2 ). Macroalgae except Laurencia undulata showed more depleted d
13 C (-20 to -17‰) than seagrasses (-12 to -11‰) . N : P ratios of macroalgae (350-760) were greater than those of seagrasses (50-130). Nevertheless, cleaned or not, the senescent leaves of the seagrass, Zostera japonica, showed higher N : P ratios than vital leaves.
Seagrasses along the Kayoh coast showed comparatively heavier d (Table 3) . C : N ratios (17-46) were similar to those at Ushibuka.
There was no food in the small intestine from 4 to 8 m nor in the large intestine from 2 to 3 m. Both carbon and nitrogen concentrations of the gut contents showed minimum values for the stomach (Fig. 1) . Nitrogen concentrations decreased and C : N ratios increased from the middle of the large intestine to the end (Fig. 2) . d 13 C and d 15 N of gut contents showed similar spatial change with carbon and nitrogen concentrations, respectively (Fig. 3) . There was a strong correlation between carbon concentration and d 13 C (r = 0.82, P < 0.001) and nitrogen concentration and d 15 N (r = 0.71, P < 0.001). Although all of the distinguishable tissues of the macrophytes in the stomach contents of the dugong were macroalgae, the chemical properties of the stomach contents (Table 1) did not entirely match those of the macrophytes (Table 2) . Macroalgae, except Laurencia undulate, showed similar d 15 N, and N : P ratios with the stomach contents, but their d 13 C and C : N ratios differed from those of the stomach contents. Seagrasses, however, showed similar d 13 C and d 15 N levels to the stomach contents, but their C : N and N : P ratios differed from those of the stomach contents. L. undulate showed the closest chemical properties with the stomach contents, which differed only in C : N ratios. Overall, L. undulate is most likely to have been the macroalgal tissue found in the stomach of the dead dugong.
To our knowledge, there has been no controlled feeding study on d
13

C and d
15 N of either the food or the tissues of dugongs. Because dugongs are hindgut fermenters, the general relation of isotope signatures may not be applied due to the isotopic fractionations caused by fermentative bacteria. A controlled feeding study on Florida manatee, Trichechus manatus latirostris, showed 13 C enrichment of 4‰ above its diet (Ames et al. 1996) . Vanderklift and Ponsard (2003) The means of stable isotope ratios for the three parts of the dugong's tissues (Table 1) were -5.93‰ (SD: 0.32‰) for d 13 C and 6.13‰ (SD: 0.56‰) for d 15 N. Applying the D of 4‰, the diet of the dugong is assumed to be -9.93‰ for d 13 C and 2.13‰ for d 15 N. The d 13 C of macroalgae at Ushibuka, with the exception of L. undulate, showed much depleted d 13 C, which indicates that these macroalgae were not the food source for the dugong.
At mixed seagrass beds, dugongs generally select the faster-growing species, Halodule uninervis and Halophila ovalis, over the sympatric, slower-growing seagrasses (De Iongh et al. 1995; Preen 1995) . The faster-growing seagrass along the Ushibuka coast was H. ovalis, whose d 13 C and d 15 N ranged from -12.5 to -11.3‰, and 3.2 to 3.5‰, respectively (Table 2) . At Kayoh, on the Okinawan coast, mean d 13 C and d
15
N of the faster-growing seagrasses, Halodule spp. and Halophila ovalis, were -7.91‰ and 1.33‰, respectively. Therefore, both d 13 C and d 15 N of the possible diet of the dugong assumed based on its tissues are intermediate between the values of the seagrasses growing at these two sites.
The d
13
C of manatee skin falls within the range of the new diet in approximately 125-175 days (Alves, C. D. and Worthy, G. A. J. unpublished data). If the same turnover rate is applicable to dugong, one possibility is that that the dugong found dead at Ushibuka had moved to Kyushu from somewhere near Okinawa about 60-80 days earlier, causing its tissue d 13 C and d
15
N to be intermediate between these of the two locations. Another possibility is that the dugong had lived in an area where its food seagrass showed -9.93‰ for d 13 C and 2.13‰ for d 15 N, and had then moved to Ushibuka just before its death. The dugong seemed to have eaten seagrasses growing in a more southerly area and along a less eutrophic coast than Ushibuka, because the d 13 C of seagrass leaves show a negative correlation with sampling latitude (Hemminga and Mateo 1996) , and d 15 N of seagrass leaves increases as it grows in higher concen- trations of dissolved inorganic nitrogen (Yamamuro et al. 2003) .
To achieve high digestibility of fibers, the mouth-toanus retention times of dugongs (146-166 h) are much longer than those of most other herbivorous mammals (Lanyon and Marsh 1995) . The gut contents showed more than 7% (dry wt) of nitrogen concentration from the duodenum to the first half of the large intestine (Fig.  1) . Because this concentration is higher than the maximum nitrogen concentration of macrophytes compiled by Duarte (1992) (4.2% for macroalgae and 5.2% for seagrasses), it seems likely that nitrogen is enriched by fermentative bacteria. The nitrogen concentration of the gut contents decreased towards the anus from the latter half of the large intestine, which may indicate that nitrogen was assimilated through the wall of the large intestine.
